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INT-CL (IPC) : C22 C 38/00; C22 C 38/46; C22 C 38/60 
ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a case hardening steel for cold forging, capable 
of expediting spheroidizing treatment and reducing manufacturing costs, excellent 
in cold forgeability, and improved, if necessary, in wear resistance. 

SOLUTION: In this steel, the area ratio of ( ferrite + pearlite ) is regulated to ^ 
75%, and the average grain size of ferrite and that of pearlite are regulated to- ^ 
40 \im and ^30 ym, respectively. The chemical composition of this steel is 
regulated, if necessary. Simultaneously, the deformation resistance coefficient 
oeq, working limit coefficient owing to crack UL, and wear resistance coefficient F 
(wear) , which are represented, respectively, as functions of alloying elements, are 
regulated so that they satisfy the following (1), (2), (3): (1) ■ aeq=C+0 . 5Si+0 . 2 
Mn+3 . OP+0 . 3Cr+0 . 3Mo+0 . lV+0 . lTi + 0 . lNb<l . 0 ; ( 2 ) UL=C-f0 . 2Si-hO . 2Mn-f 0 . 2 
Cr+0.2Mo+2.0P+2.0S + 0-lV+0.1Ti+0.1Nb<0.7; (3) F (wear) = Si + 0". 2Cr+0 . 4 Mo+V>0. 4 . 
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(») [9»Iii!>«»] )»|liffiSISJilU»H 



(57) imf}} 7 SJitLfC*"?, fl-57x^'f h<0¥*^g**4 Om 

«t-rs . q . wxhmMmmMi^. nm^&miv (wear) 

iw^ii ( 7x9>f b ^-^'c-^^f h ) <nwmifi ( 1 ) ~ ( 3 ) n^mj^^hWi^-wmth. 

aeti =CMi. 55i*0.ah+3.0P+0.3Cr<0.3Mo»0. 1V*0. lTi*0. INb < 1 . 0 

■• ( 1 ) 

U L=C4O.2Si+O.ah4O.2CrtO.2Ibt2.0P+2.()S4O. lV*0.1TH0.1Nb<0 . 7 

•(2) 

F(wear)=Si40.2CrK).4ltotV>0. 4 -(3) 



(2) 



1 1-1 2684 



im^m 11 ( 7 i 7>f h +M--^>f h ) offi«$35p* 

7 5%&±Tt>0. 5>f h<7)^mm^4 Ou 

C : 0. 3%&iT ( 0%5r-^^^r<-^ : WF. imUj: 

S i : 0. 3%OT (0%?rir*^tl^) 

Mn: 1. 5%WT ( 0%&^i^:V^) 

P : 0. 0 2%jaT(0%S^#tf) 

S : 0. 0 2%JaT (0%Sr-§-*^:V^) 

Al : 0. 0 6%mT (0%iS:^*^:V^) 

N : 0. 0 3%iaT (0%i&^i^:V^) 



* C r : 3%mT ( 0%f:1it^\,^) 
Mo : 1 . 5%JaT ( 0%i^t^j:\>^) 
V : 1. 5%JaT (0%Sr#*^:l^) 

il. 

[isaj«3 ] mifi. mzmcoymt lt. t i : 

0. l%JUT(0%?:^t^r«r^) *^*t&fc«-C*5 

10 mm2izm.<^mm, 

( 1 ) T^tiXX/ ( 2 ) iC2rMii,^6t.<0'C«>S^^2 
iL^li3t:E^^IIiMii. 



a e q=C<0.5Si40.ah+3.0P*0.3Cr40.3M(H0.1V*0.1Ti<0.1Nb < 1 . 0 

•• ( 1 ) 

UL=C40.2Si40.2Mn40.2Cr40.2Ho42.«>+iOS+0.1V*0.1Ti<0.1Nb<0 . 7 

■ (2) 

smF («ear)*qriB ( 3 ) ie$-si£-ri. i><7)X'S>tmm^ 

F (iiear)=Si40.2Cr*0.4lb+V>0 

[11*3561 mm. mizmcTfTcmt lt. cu : i 

2-5t:£«<^lIIU^. 

[iS^7 1 »|«3e(»\ MtflfetfOT^i: LT. N i : 

2. 5%OT (o%^^i^rv^) ^irlr-t&t><o-C'*s 

^^2-6(CiBac0lillj^. 
[iS^8 1 SEtffiK^XT^k LT . C a : 

0. 0 l%JilT (0%$-#*^rV^) mx//tfzliZ 

r : 0. 0 8%jaT (o%^i5-*^v^) s^^^rrst)<o 

•C*.Sit*«2~7fciEa<0l!)U«H. 

[m^m 1 fflttJi?*. ^tfl!ic7)7^fc LT , P b : 
0. 3%mT (0%Sr#i^:V^) Sr^^r-r6t,tf3T*S 

[0001] 

m^i. mm. wis. z^-rvh. i^>jyr-^<m 

[00021 



4 ••(3) 

A [«e5i5<os«i iMLitmrnmimum. j i 

S«tg«SCr4 2 0. SCM4 2 0^*«^«i:LTlW. 

f.zx-yxmKmufirihti) . i^mm^m. ■ mm 
30 [00031 ^3 L/^aspTJssisttsttsaesa;^ h 

[00041 ti:iJ^y>^y(mtii:fj{t'^&si,ff)^m ■ m. 
40 ntxm^tLX^tzmbxu:! o tf^^^i-H^izn 
imttix\.^i(r>tfimmxs>t. 

[ 0 0 0 5 1 i p Lfc«ffl<^Tr. ZtltTtl{>m^^ 

^^fflo^rttffit tx . mtmmm 0-9832-^ 
ui. m^mmizm^hntizx-yx. m^^t 



(3) 



11-12684 



[ 0 0 0 6 ] -^r, mSi^!m$3mU(r>^izmt 

X. fi^i.jf!SirF2-2 9 9 24i^ttt. mms^ 
tfim^iix\>^h. ttt<m^7-3 1011 s^fci 

tt. Si, Mn. Crmi1&mttZbiZXr>Xiimi 

mLi[^±^-^zwimim7^^tix\^i. 

^rSffifcv^ts**. ^siii^-mmizt'>xmwj:mt(ri 

[0 0 07] ttimmm.ff)\^±t^txii. mm^w 
-^^^$m-*mM}jt9mmmizx^x . m 
nsm^mif>t:mn^m<mk-mmm- 5-594 

XWfiimi^^-yXWm^xhimK^ihZtl^Mt. 

x^^\>\ 

[00081 
[0009] 

[ii5S^)B9i-ri.fc*co^ai ±si6S^B^-r-s.^fc 

eq=C<0.5Si+0.2Mn+3.0P+0.3Cr<0.3H(rt0.1V*0.1Ti*0.1Nb <1 . 



[0010] *^c7)B«li. mmffi^^^ affl«Sr± 

C : 0. 3%jaT ( OX^-tt^^^) 
S i : 0. 3%OT ( 0%*^t^:V^) 
Mn : 1 . 5%&Cr ( 0%$^^i=SrV^) 
P : 0. 0 2%OT (0%$-^tr) 
S : 0. 0 2%mT ( 0%S^#^=5rV^) 
Al :0. 0 6%JaT (0%^iF*i5:VO 
N : 0 . 0 3%JaT ( 0%*^*«:V0 

Cr : 3%iaT(0%«:^*5:V^) 
Mo : 1. 5%OT ( 0%^^t=Sr»-^) 
V : 1. 5%«T(0%^t-*^r^^) 
J:')^:Sffif)6»<?>3ffl?3^t&iaia±5r^*L. «a53&«F 

<nmizi±. Ti : 0. 1%WT (0%S:^^^:t^) is 
J:tX/i!tJ±Nb : 0. 1%WF (0%*^i^:V^) ^ 

[0011] *«HH0SMl* J: 0«Sftt:a«i-*^^ 

±m^^mm^i:^i>i><^izt5\^x. 

mmmm\JLifi. *>*te < 1 ) j:tx ( 2 ) 



••• ( 1 ) 

U L =C40. 2Si40. ah<0. 2CrtO. 2Mo+2. OP+2. flS+O. lV+0. ITi ^0. lNb< 0 . 7 

- (2) 



[0012] ttimm&m&i:^i-i> i><^iz^^^ 
X. -^^ymmwLb Lxmtii.mmmsmF (wea 

F (wear) =Si 40. 2Cr+0. 4Mo+V> 0 

^m<oimmz^\,^xii. mi^^f^tx. jgtcflK^ 

mbLX 

©Curl. 0%aT ( 0%^#a^rV^ ) , 40 
®Ni : 2. 5%iaT (0%5-^^^vO . 
OCa : 0. 01%WT {0%2:#^^rv^) fcir^/i 
:tttZ r : 0. 0 8%mT ( 0%S:iri^rVO . 
®Pb : 0. 3%WT(0%i&-^*^rV^) . 
®B:0. 0 0 5%JaT (0%^#t^:V>) 

m^^^^itiZbizX-^X. flU^t LT<o^J-|g 
[0013] 



4 "(3) 

[0014] IIIl^{c:ffiiiy::^ll]S1$^%«i$-frS^ 

z.in}izi.'>x^^m^n(r^msL^mk\.x^m^ 



(4) 

5 

<. J:0»*U<{i83%JjLht-rS<O*«m>. ^ (7 
/2 

[ 0 0 1 5 1 fiff^r}$ISMBStt*il«RL=Sn6*^>. 

K0^^gi&3 0jLtmJaTfct-&«^J 10 
C:f:fcJ:-:.T. (1) 7x5>f hZ-b^y^'^M^H-C 

y^h (^m&<r>^i. Tmm *)-cS)t, 20 

/2 

[00 16] kZ^T(yj:y>(h-h^^-^^h)<Dm 

mm<^)m^jmi. mttimmmim^'^xyyyA 
Atz5m<nmmf^i:n\''^ x4ooeg£) . 

l^K^JtO 1 0;*m<07x7>f KOTl^eS. 30 
[00171 ^J&Si8Sffllll^iO$ ^' affl3il^±a<7) 

aitcps-rsfcitt, mm<r>mii^^ 1 1 0 o-cjar 

k U JET** 3 0%JaJ:. fflEftttf iaSS^ 9 5 OX: 

6 o-c/s e cmrtiii^u-cfi^^aiK-mra 

lS(COV^TSiBW-5. 40 
[00181C:0. 3%JaT (0%5r^t^rV^) 

Jt. C^WS05jff^U^±ffiJ±0. 25%T*0, iO 
ffait<«0. 2 0%felTi:-r5<0*>'^V\ ttilSSl) 
S^imtzm^itimzii. CJ40. 0 5%£U:** 

[00 191 Si : 0. 3%JaT (0%i&i5-*^:V>) 

s i {mm<^mjmk fdrffl^rTen-cft o . t >t« so 
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6 

^r*«4.. -eco#*fi)!po. 3%^mi&ti^mm(^ 
s i^^rfttt. ff*u<tto. 1 5%jaT. iOfiFtu 

< « 0 . 10 %JaTfc flii. Tfe s . itji^an 
*»cl6»3-frS^fc«, Si {40. oi%a±#w 

[0020] Mn:l. 5%£IT ( 0%*ift'3rV^) 

liR^l. 5%b^1t, Mn^WJUi. »tLV>±l»»i 

1. 2%X'hh. ifc±iB»**^tiaS$-fri.^K: 

Mn«0. 2%Ja±^W$*SCt*«ff*U^, 
[00211 P: 0. 02%iaT(0%*-ttJ) 

I&IC»4. 0. 0 2%[XTi:mi^^%Xhh.^)^mS^ 
tt^&iOlfiliS-frSkV^oW/ifc&^^-ttUf. P{40. 0 
1 5%mTt-rScO*J#4t<, J:0»*L<{40. 0 
1 0%iaTK:«ii.&^#-C*S. 
[0022] S:0. 0 2%JJIT ( 0%i&#t^rV^) 
SUM n s *mfC»ffltt$^|6i±$-e:&«t:*ffl^r?c 
^•Cfc6*f. 0. 0 2%^mx.Xt:^^^tt. tmSi 

IS'h-rtt. SJ40. 015%Ja.Ti:-rS<0*«»*L 
iOSaiKJiO. 010%OTt»i.&'<.§-C* 

0 0 1 %Ja±#^r$-fr4 vl 

[00231 A1:0. 0 6%WT ( 0%i&*ii^rV^) 

■rsfffflt*LTv^5*«. 0. oex^nthtissit 

^tmLX<hcr>X. JJR^O. 06%t^4^)-t. * 
fc±IBa**W^tc|fe«$-fr6^Wi. A U40. 0 0 

[00241 N:0. 0 3%aT (0%i&**^rV>) 
N(4. SI*-CA 1 tte-^LT (V. Ti, NbJ-^Jirt 

*«Tl^fc^6«-C. ±JS*0. 0 3%i:^i6^:. N 
^Wft(4. »ilL<J40. 0 2%JaT. iOifiKti 
0. 0l3%\;XV^99x.i,^%Xhh. ^tiimm: 

«s&fcfafs«s4^ntt, N{4o. ooi%ja±^f^rs 

[ 0 0 2 5 1 C r . M ofc il^VJi. jSei|gtti&l6l±$ 
[00261 Cr : 3%H.T ( 0%$-|ti^:V^) 



(5) #^11-12684 
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<«2 . 5%jaT. J: Off * L<«2 . o%aTk-t< N i iij:BLfim<om. mmBmbmmt:mm.L 

[0027] Mo : 1. 5%&T {0%iist^j:\,^) mtt^cOV. ±Mi:2. 5%i:^46Jt. Ni^*»0 

{±. i&f^S§tt<0|6|±kV^3tll^^>LTffiL<« 10 [0033] Ca: 0. 01%JaT(0%S:iri^rV>) 
1. 0%WT, J:'5»*L<«0. 5%«Tfc:t^^.&T tJ itf/ifcdZ r : 0. 0 8%JaT ( 0%*^4^r 

0. 01 %JjUi^*$-tf-|. ^ t mt L V^. CltKsOTC^Jl. M n S Sr««^3-frP:frttS-iSJiF-tl. 
[00281 V: 1. 5%aT (0%i:^t^\^) dtti-oT. i^Wmm^liil±izm-i-li}'. Ca 

VJi«<0»e^*l&l±$*4<Ot:*«t:^SS!FSOT5gT "CO. 01%, Zr-CO. OB%^^^mt&b. ^ff> 

hhifi. z^ymM'^xtm\i:m-h<^'c. ±m$- mAismth, Lixt>mtL^.^mM. ca-co. 

1. 5%b^if>tl. V**»«. J$^gj6tt<0|pl±i:V^ 008%, Zr-CO. 06%-C*&. 4fc±^i)*^«^ 
diaji5i*»^Lt:»*L<ttl. 0%JaT. iOiSFSK «lt:?a»$*S^fcl±, CaTO. 0005%JjUi. Z 

jio. 5%artz-tK^TS>h. ±§eMSkt:mnz?m rvo .001 %jaji-^^r$-ii:s^ lv\ 

$-eS^«C{i, VttO. 01%a±^*$-frSC:t*f» 20 [0034] Pb : 0. 3%WT ( 0%i&^*^:V^) 
tU\ PbJiMfflttOI»Lit:^e5!FS:7C*-CJ>S3&»\ 0. 3%* 

[00 2 91 *«ffloii)uaHt:tj»ts»tuMfc^ifi»- mthb^mmi'mm-&^'c. m^o. 3%bM 
aft^w^^scikfciioT, mmb Lx<^m^t:- i%&±^^^^t;ibmt 

StbiXm-ttilbiMmThh. [00351 B:0. 0 0 5%JaT ( 0%^#^^rl^) 

[0030lTi:0. 1 %OT ( 0%^^i^rl,^) Bi4MA<lttlfil±fc»5:7^T*S*«. 0 . 0 0 5% 

J:t^/*fcJ±Nb :-0. 1%JJIT (0%$^if*^^O ^ei.Sk'e<^«!l*{)«l^lrrS<0-C. iJSSrO. 005 

TikNbtt. feaa<&aWfflK:LT7*^>fhJ?»A-9 %tS«)yt. B^WJScOjftU^JJWiO. 004 5% 

^hWi^ig$-/iN?<-r&<oc:ff$&^7^-cfci.*<, 30 Tf>h. tt:±ss3mi:m^zmt^ithmzii. Bit 

V^-mtO. l%&StSi:«B!HfcWST^S<Ot:\ ± 0. 0 00 5%JjUi*^r$«SC:k*«»*L<'>. 

mo. ixbMVit:, }^msmf^±b\'^o9i^ [00361 bz^'(^f(!m(i>ii. mtimmmt 

a. Ztiii>ffyjmiiO. OOlXOL-t^^^hZbi}' mvLHtim^^iji:m<7^bLxm^iihZbt:M. 
m L\\ JUL, Ztif>1fi^^Tsi ( 1 ) ^tiXlf ( 2 ) ^mji 

[00311 Cu : 1%WT (0%S-^^^:V^) -tlhffiXibtHi. ^mSjiil OOli/mm^ ifeSlfc 

mii'^ifixmiizm'tnx. ±mii%b^ti. m («t. rswu&gi^Jiiis^j t*^) *^«>5if: 

±^»«$-^3-»i-|.^fcJi. Culio. 2%t:j±-t^ 40 ASTI^. ::*t^>t:J:->T}ftEiSitt2:jeK|6l±-C§l>:: 
§^*-5rfc*<ff*U\ {IL. Cuf-iNjlT^inrrS fcSr^^ihy)^. ttiTm ( 1 ) . ( 2 ) ^A»<5>BB^.*- 

i: . ^mam^^^-ttffiX. C u S:SlirrSi^tc ^ri ^ v. T i , N bl4?&SiSjSffi5:fiT$-l*:&l^ 

iii»ia!iio:tti&ia#rsf^ffls^#r6N i i&cuitN* »&«iti!iw/h$v^c:i:3&«t)36»6. 

<»eq=C<0.5Si*0.ah+3.0P40.3Cr40.3MoH).lV+0.1Ti*0.1Nb <1. 0 

■ ( 1 ) 

UL=C40.2Si*0.2to40.2CrK).2Mo+2.0P+2.0S40.1V+0.1Ti40.1Nb<0 . 7 

•••(2) 

[00371 -Ij. ^^^i^umm^Smkm^^m ^ym<m^bLxmtihZbf:M.iiiL. ^OK^tt 

imtbhb\'^omj^t>i>mi^'yiibz^. mnm ^F(i«ar)*n^ {3)^im&rii>(DXhtiim 

tti&*tlgSi:L-C<^W8E|$tt«HaF(wear){4±||^«50 Sm!&i^±^^i>Zt1fiXihZb{>m^mtl, t 



(6) 
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10 



F (wear) =Si40.2Cr+0. 4Mo+V> 0 . 

[00381 

[oo39]##0ii mo 



4 •••(3) 

Sa. «F»tflaWi(1200rxiHr^}^) LtM 
«(^S3<^)No. 7-1 2 ) i&fflV^n:. 
[0040] 
[^11 





C 


Si 


Mn 


P 


S 


Al 


N 


Cr 


Mo 


V 


A 


0.17 


0.23 


0.92 


0.D12 


Q.OU 


0.032 


0.008 


1.45 






B 


0.25 


0.28 


1.15 


0.005 


0.013 


0.022 


0.011 




0.63 




C 


0. 19 


0.17 


D.B7 


D.0D8 


Q.009 


0.035 


0.009 






0.47 


D 


0.15 


0.25 


0.74 


0.005 


0.003 


0.028 


0.012 


1.03 


0.21 




E 


0.12 


O.OS 


0.78 


0.008 


O.OK 


0.038 


0.017 


1.12 




0.35 


F 


0. 14 


0.03 


0.85 


0.009 


0.009 


0.021 


0.007 




0.37 


0.58 



[00411 ztll:><7)ml}^^zitLx. a 1 

<KS!«15:iSL, J I S G 3 5 39fca^$il.TV^5 

[0042] 
[^2] 



20 



(r/Hr) 




7201C 


760T: 


10 


6Hr 


lOHr 


7 


8Hr 


13Hr 


4 


12Hr 


22Hr 



30 



No. 


mi 












i^m (Mm) 




mm 


1 


A 


21 


760 


10 


2 


B 


23 


760 


13 


3 


C 


16 


720 


8 


4 


D 


25 


760 


13 


6 


E 


1 7 


760 


10 


6 


F 


15 


720 


8 


7 


A 


36 


760 


13 


8 


B 


41 


760 


22 


9 


C 


35 


720 


12 


10 


D 


36 


760 


22 


1 1 


E 


38 


760 


22 


1 2 


F 


42 


720 


1 2 



[0043] ^^cfrrs^oai^^ . i^^b»m 

J^-y^ hOT^Sg*>'3 0 /imJJlTW to (No. 1 

<^ (N o . 7-1 2 ) ilitKx. mtimmmm< 

[00441 

[^3] ★ 



40 



50 



[0045]||teMl 

fmirtHLtim. «tSJia:t:J:0*2 0mmX3 0min 

^&-»imtmtwm (g-d irmu ^-^tcot,^ 
xTWL ( 1 ) ~ ( 3 ) </y)mzx -yx^mtmsmiy 

amtit («@B^5<^No. 4-12) . 
[00461 (1) *35min{CEg-HS^:^.L5?M 
( 120 0X:xlHr^}ft) 0HC*L7t««e€ 

ii#fi«M5:iSL. atSJlO:fc:iO<^2 0minX3 0min 

^mm<^wmiimit: (mms^no. 4- 

6) . 

(2) *3 5mint£EgHSi^^.L««l (900X:xi 

fmiimLt: {m^sff)No. 7-9) . 



(7) 
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1 1 



1 2 



(3) *3 5mm{Cffig-^^r<i,L«Ul ( 1200X:x 



t0047j 
[*4] 



10~12) . 























C 


Si 


Mn 


P 


S 


Al 


N 


Cr 


Mo 


V 


G 


0.22 


0.03 


1.21 


0.002 




0.007 


0.031 


0.012 


1.36 






H 


0.16 


0.06 


0.92 


0.005 




0.012 


0.027 




0.25 


0.53 




I 


0.12 


D.ll 


0.75 


0.003 




0.015 


0.027 


0.011 




0.35 


0.13 



[0 048] Ztli^mW^%:m\>\ $3mM. ?&£Ett 
OOmm. mm&: 3m/secfctfc. ISIW-<^« 



mrnLo e q , mtimMJLmwi} LuxxM^m 

mLF (wear) i:*fc. Ti^6 
[00491 

[as] 



No. 












mw 




1 

2 

3 


G 
H 

I 


100 
100 
100 




22 
25 
20 


2 1 
20 
2 1 


760 
760 
720 


13 
13 
B 


4 

5 
6 


G 
H 

I 


i 00 
1 00 
100 




48 
49 
46 


37 
33 
35 


760 
760 
720 


22 
22 
1 2 


7 
8 
9 


G 
H 
I 


65 
68 
72 


B+M 

B 


2 1 
24 
22 


23 
26 
24 


760 
760 
720 


1 3 
1 3 
8 


10 
1 1 
1 2 


G 
H 
I 


57 
60 
62 


B+M 
B+M 
6+M 


46 
45 
48 


40 
37 
38 


760 
760 
720 


22 
22 
12 





me] 


No. 


mm 


ma 




mm 






m^tm 








aeq 










F(«ear) 


(-■Ag) 


1 


G 


0. 


89 


665 


0. 62 


SOOit 


0. 30 


3. 5x10-^ 


2 


H 


0. 


62 


428 


0. 47 


eoKut 


0. 32 


3. 3x10-* 


3 


I 


0. 


45 


370 


0. 38 


60UU: 


0. 38 


2. 0X10-^ 


4 


G 


0. 


8 9 


672 


0. 62 


45 


0. 30 


3. 4X10-' 


5 


H 


0. 


62 


424 


0. 47 


50 


0. 32 


3. 4X10"* 


6 


I 


0. 


45 


378 


0. 38 


50 


0. 38 


2. lxi0-\ 


7 


G 


0. 


89 


660 


0. 62 


50 


0. 30 


3. 5X10"' 


8 


H 


0. 


62 


435 


0. 47 


45 


0. 32 


3, 5X10-'; 


9 


I 


0. 


45 


375 


0. 38 


50 


0. 38 


2. ixlO ' 


10 


G 


0. 


89 


672 


0. 62 


45 


0. 30 


3, 4X10 ' 


1 1 


H 


0. 


62 


443 


0. 47 


45 


0. 32 


3. 3x10 ' 


1 2 


I 


0. 


45 


379 


0. 38 


45 


0. 38 


2. 0x10-' 



[0051] ztit,ff>^^t>mhti^miz. N o . 1 itmtimMxmte 0 %uih-cj> 0 . L*-t>ik^«fifc 

-y^ hW^mm) i:m&thmimvi>*). V^mt>A50 [OO52I ClfltWUNo. 4~6c0t<^tt, 



(8) 



1-12684 



13 



14 



*«fiTLt:v^S. JglC. No. 10~1 20t>0li. ft 

s. 

[OO53]|ltfe0l2 

^7<?3No. l~2 0tJj:tr^8<DNo. 21~3 2« 
Sai(c^U:^4(ftji»«ra$ftU tStShlXtcJ:*) 

2{c^-twi^4aio:$aiEffl«ois»fr^MSLfe. 20 

<?5f:^S8<0No. 2 1. 2 5i}J:tf 3 llC^Ufcft^* 



« fS.mjiib mtm&im Lv *^tie ( 1 ) ~ ( 3 ) 

No. 33~41) . 

[00541 (1) *35mmt:JBB&HK=Sr^>L««l 
(120 0'CXlHr-^}^) aitC^LJt^ttft 
JSIfiJSSiSrMt. StSJnXtJ:'9*2 0mmX3 0inin 

m^nmyriimLt:(m^ioff)No. 33 

-3 5) . 

(2) *3 5mmfc:ffiSHi^ric.L5iS (900X:xi 
Hr-^SKSI) @lfc:*L/t««ftjS«««l^*S 

StjaiDlfc<l:O0 2OminX3Omm<O^^n;P 

miimtf:i(mimio<7)No. 3 6-38). 

(3) *3 5mmfc:JEE3i-HS'5:*>L«ffll(120 0'Cx 

1 H r^mmm a. 0 1 t^:««ftMifiS!ss- 

mt. mmi.(ZX0 4>20mmX30mm(O^aBmL 

mmmsnytb. @2(c^ttm%^jiia:^mo 

ijSilfrSrf^Lfc(a£^10<0No. 3 9-41). 
[00551 
[«71 



No. 


i 




(SS96) 






C 


Si 


Mn 


P 


S 


Al 


N 


Cr 


Mo 


V 




1 


0,17 


0.23 


0.92 


0.012 


0.018 


0.032 


0.008 


1.45 








2 


0.25 


0.28 


1.15 


0.0(» 


0.013 


0.022 


0.011 




0.63 






3 


0.13 


0.17 


0.87 


0.008 


0.009 


0.035 


0.009 






0.47 




4 


0.15 


0.25 


0.74 


0.005 


0.003 


0.028 


0.012 


1.03 


0.21 






5 


0.12 


0. D5 


0.78 


0.008 


0.005 


0.038 


0.017 


1.12 




0.35 




6 


0.14 


0.03 


0.85 


0.009 


0.(M)9 


0.021 


0.007 




0.37 


0.58 




7 


0.12 


0.02 


0.50 


0.0I» 


0.006 


0.024 


0.011 


2.05 


0. 18 


0.25 




8 


0.08 


0.06 


1.43 


0.011 


0.014 


0.030 


0.012 






0.42 


Ti:0.040 


9 


0.11 


0. 10 


0. 77 


0.010 


0.003 


0.029 


0.010 


0.53 


0.89 




mi: 0.022 


10 


0.14 


0.07 


0.75 


0.007 


0.006 


0.022 


0.013 


1.01 




0.32 


Ti:0.0Zl 


1 1 


0.15 


0. 13 


0.69 


0.012 


0.010 


0.036 


0.008 


0.88 




0.41 


Nb:0. 035 


1 2 


0.14 


0.03 


0.65 


0.008 


0.005 


0.030 


0.015 


0.51 




0.35 


Tl:0.032,Nb:0.020 


1 3 


0.05 


0.21 


0.52 


0.003 


0.002 


0.027 


0.010 


0.92 


0.48 




Ti:0.029 


1 4 


0.15 


0.09 


0.80 


0.010 


0.007 


0.029 


0.009 


1.05 


0.46 




Nb: 0.033 


1 5 


0.12 


0.05 


0.44 


0.008 


0.002 


0.033 


0.009 




0. 51 


0.45 


Tl:0.014. Ni:0.54 


1 6 


0. 13 


0.08 


0.56 


0.003 


0.004 


0.030 


0.010 


1.86 


0.15 


0.20 


Cu:0.32,Ni:0.28. Ca:0.D03 


1 7 


D.10 


0.12 


0.71 


0.007 


0.005 


0.024 


0.018 


1.16 




0.35 


Nb:Q.030 Zr:0.021 


1 8 


0.05 


0.10 


0.82 


0.005 


0.008 


0.025 


0.011 


0.94 


0.22 


0.21 


Pb:Q.08O 


1 9 


0. 16 


0.11 


0.80 


0.009 


0.003 


0.032 


0.013 


1.15 




0.28 


B:0.0020 


20 


0.12 


0.08 


0.70 


0.002 


0.002 


0.026 


0.002 


0.97 


0.10 


0.30 


Ti:0.020«B:0.0Q15 



[00561 



^ ^ [^81 



(9) 



1-1 2684 



1 5 



1 6 





















C 


Si 


Mn 


P 


S 


Al 


N 


Cr 


Mo 


V 




2 1 


0.23 


0.28 


0.75 


0.018 


0.012 


0.030 


0.012 


1.7B 






— 


2 2 


0.35 


0.24 


0.B7 


0.004 


0.005 


0.028 


aoo6 


1.21 


0.35 






23 


0.29 


0.27 


1.05 


D.01fi 


0.017 


0.025 


0.011 


1.S8 










24 


0.28 


0.26 


1.65 


0.016 


0.015 


0.031 


0.008 




1.14 






25 


0.28 


0.06 


1.43 


0.008 


O.OIS 


0.034 


0.009 


0.85 




0.32 


Nb:O.OOS 


26 


0.13 


0.02 


1.48 


Q.002 


0.033 


0.027 


O.014 


1.03 


0.45 






27 


0.15 


O.OS 


D.78 


0.010 


0.018 


o.on 


O.011 


l.Ql 








28 


0.20 


0.12 


0.84 


0.008 


0.012 


0.036 


0.007 




0.56 






29 


0.29 


0.01 


0.66 


0.019 


0.002 


0.030 


0.010 


1.83 








30 


0.15 


0.08 


1.39 


0.001 


0.057 


0.028 


0.Q12 


1.54 








31 


0.29 


0.03 


1.4S 


0.018 


0.019 


0.032 


0.018 


1.52 








32 


0.1S 


O.IS 


2.22 


0.038 


O.OIS 


0.018 


O.011 


0.67 


0.23 







[0057] ztL^(omiyrmi\ ^msa. ?&Ett 
(A). {B)^^f:tmmMl'mmLm&^z:m 



No. 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 



1 00 

100 
100 
100 
100 
100 

90 
100 

85 
100 
100 
100 
100 
100 

90 

85 
100 
100 
100 
1 00 



1(0 



B 

B+M 



B 

B+M 



^F(wear)fcJ«;:. TS^l 1, 121^^^-. 
[00581 
[^9] 



i^tSlS. (Mm) 



24 
23 
20 
2 1 
18 
22 
23 
1 1 
1 3 
1 2 
13 
10 
13 

1 2 
14 

2 1 
1 3 
26 
24 
13 



2 1 
23 
1 6 
25 
1 7 
1 5 
1 5 
1 2 
1 2 
1 1 
12 
9 
10 

1 3 

2 1 
20 
1 2 
1 6 
19 
1 1 



760 
760 
720 
760 
760 
720 
760 
720 
760 
760 
760 
760 
760 
760 
720 
760 
760 
760 
760 
760 



10 
1 3 

8 
1 3 
1 0 

8 
1 3 

6 
1 3 



[0059] 



(10) ^S¥ll-12684 



17 18 



No. 


- 


















TWSk (um) 


i^&Sk (Mm) 




^ (Hr) 


*> 1 
^ i 


1 rk n 
1 u u 






1 o 
1 o 


Ten 

7 b 0 


1 3 


22 


100 





24 


2 1 


760 


1 3 


23 


100 


— 


23 


23 


760 


1 3 


24 


90 


M 


20 


18 


760 


1 3 


25 


100 




14 


1 9 


720 


8 


26 


100 


— 


19 


22 


760 


1 3 


27 


100 


_ 


26 


23 


760 


1 3 


28 


100 


_ 


25 


20 


760 


1 3 


29 


100 


_ 


22 


1 8 


760 


1 3 


30 


100 


- 


18 


20 


760 


1 3 


Q 1 


1 n A 

1 U Vl 




1 T 


1 Q 
1 9 


7 o O 


1 d 


32 


85 




23 


23 


760 


1 3 


33 


100 




45 


36 


760 


1 3 


34 


100 




48 


41 


720 


1 2 


35 


100 




46 


35 


720 


22 


36 


65 


B+M 


20 


20 


760 


10 


37 


55 


B+M 


21 


2 1 


720 


8 


38 


70 


B+M 


18 


16 


760 


1 3 


39 


58 


B+M 


43 


35 


760 


1 3 


40 


50 


B+M 


49 


41 


720 


1 2 


4 1 


60 


B + M 


44 


39 


760 


22 



[0060] * * [^11] 



No. 




mm 


mm 












a eq 






I3¥(96) 






(-e/kg) 


1 


0. 


94 


690 


0. 


61 


eoULt 


0- 


62 


8. 


2X10" 


2 


0. 


82 


606 


0. 


64 


6 0KU: 


0. 


53 


8. 


3X1 0-» 


3 


0. 


52 


413 


0. 


48 


6 0UU: 


0. 


64 


7. 


0X10- 


4 


0. 


81 


582 


0. 


49 


SQKLk 


0. 


54 


8. 


5X10-* 


5 


0. 


70 


522 


0. 


46 


SO&Lh 


0. 


62 


7. 


1X10- 


6 


0- 


52 


393 


0. 


45 


6 0^:U: 


0. 


76 


3. 


9X10- 


7 


0. 


94 


681 


0. 


49 


6 0tU: 


0- 


75 


3. 


7X10- 


8 


0. 


48 


40 1 


0. 


47 


6 0Rh 


0. 


48 


8. 


0X10- 


9 


0. 


77 


566 


0. 


45 


6 OKU: 


0. 


56 


7. 


5x10- 


10 


0. 


68 


504 


0. 


47 


6 0ia± 


0. 


59 


7. 


0X10- 


1 1 


0. 


70 


513 


0. 


49 


6 0ia± 


0. 


72 


3. 


5X10- 


1 2 


0. 


50 


394 


0. 


39 


6 0m: 


0. 


48 


8. 


0X10- 


1 3 


0. 


69 


508 


0. 


35 


6 OKU: 


0. 


59 


6. 


6X10- 


1 4 


0. 


84 


618 


0. 


52 


6 0K11: 


0. 


48 


8. 


1X10- 


1 5 


0. 


46 


369 


0. 


34 


6 0KU: 


0. 


71 


3. 


7X10- 


1 6 


0. 


9 1 


672 


0. 


49 


GOKLh 


0. 


7 1 


3. 


6x10- 


1 7 


0. 


71 


52 1 


0. 


44 


6 0ja± 


0. 


70 


3. 


2X10- 


18 


0. 


65 


476 


0. 


40 


6 OKU: 


0, 


59 


7. 


4x 1 0- 


19 


0. 


78 


567 


0. 


51 


6 OKU: 


0. 


62 


6. 


3X10- 


20 


0. 


66 


488 


0. 


42 


6 OKU: 


0. 


61 


6. 


5X10- 



[00611 



^ ^[^12] 



19 



(11) 



i^m^l 1-12684 

20 



No. 








Em ' 


mm 








oeq 


W/w" ) 


=f=Wac 






HlF (wear) 






2 1 


1. 


1 0 


710 


0. 


67 


6 0Rt 


0. 


63 


6. 


4X10-" 


22 


1 . 


06 


705 


0. 


69 


eojih 


0. 


62 


3. 


5X1 C 




1. 


1 7 


•7 O A 


n 
U . 


1 O 


5 8 


0. 


59 


7. 


5 X 1 0 • 


24 


1. 


1 3 


7 12 


U . 


o 4 


58 


0. 


72 


3. 


6x10"* 


25 


0. 


89 


6 69 


u. 


1 O 


5 8 


0. 


55 


8. 


0X1 o~* 


2 6 


0. 


95 


695 


u. 


T O 
/ <S 


5 8 


0. 


41 


9. 


4 X 1 Q-* 


2 7 


0. 


66 


4 8 0 


o. 


A T 




0. 


25 


5. 


2x1 0"^ 


2 8 


0. 


62 


434 


U. 


>l Q 

■4 a 




0. 


34 


3. 


1 X I 0"* 


2 9 


1. 


03 


7 0 2 


0. 


6 5 


ft 0 W h 


0. 


38 


2. 


0X1 0'^ 


3 0 


0. 


93 


R ft ft 

u o o 


0. 


7 1 


R ft 


0. 


39 


1 . 


9x1 0" 


3 I 




1 1 


7 12 


n 
u. 


Q 1 
O i 


R ft 


0. 


33 


o 
o. 


2 X 10"^ 


32 




04 


7 03 


0. 


82 


58 


0. 


36 


2. 


5X10"^ 


33 




1 0 


820 


0. 


67 


50 


0. 


63 


8. 


2x 10-» 


34 




89 


655 


0. 


7 3 


35 


0. 


55 


8. 


3x lO " 


35 




1 1 


822 


0. 


8 1 


30 


0. 


33 


7, 


0X10" 


36 




1 0 


8 15 


0. 


67 


50 


0. 


63 


8. 


2x 1 0-" 


37 




89 


652 


0. 


73 


33 


0. 


55 


8. 


3x 1 O" 


38 




1 1 


8 1 9 


0. 


8 I 


30 


0. 


33 


7. 


Ox 1 0" 


39 




1 0 


8 13 


0. 


67 


45 


0, 


63 


8. 


2x10" 


40 


0. 


89 


660 


0. 


73 


35 


0. 


55 


8. 


3X10- 


41 


1. 


1 1 


816 


0. 


81 


33 


0, 


33 


7. 


0X10" 



[00 6 21 ^n<i><0*gm*»/?>B8^>*»^ai{C. mi (ON 
o. l~20<Dt>«{4*^^Ta^S5:?nfflja (7 

ftSSSKKt^tfeq. fiinilSHlIlX^ULtJjcrAW 
^ttSaSF (i«5ar) J^SIfi^S fcCO-C* 0 . JlIIJ^ 8 0 

oSm^^SnX^u Ltt 6 0 %WtLCh •) . eifi>t:}^ 
f^mi^LX\>^iZbim-i,. i^lkg^t) 1 . 
0X1 0-7 mm* /kg*gti:*St:i^=5r<. StUtH 
^e5rWLTV^5::fc*«^*>S. ^ixt^ttNo. 2 
1~4 lcot,<Ott. *f|BB-ca^SSfr (^y;:»ijf* 

[00 63] (a) No. 21ff)h<7Hi. 

[00641 (b) No. 22<nii(0\i. 

fJ&fiTt**i-SI^S^i/h$ V W&mtfil 0 0 N/ 
[00651 (c) No. 23<^i<0l4. *IWrC«^ 
^Wn:^<y e qtJil/SmMnil^^UL 



20*ON/mm2 ck Ofi*>t:^< « S!l*i.l6*Ja:J|st>e*»tc: 
[0066] (d) No. 24<?5*><0I4. *f|HB-«i^ 

L\.^mmmLii 0 . K-y^mskmLo e q 

S*4/h$t>**, ^gfi!5t*«7 0 0N/mm2J:'5ffi*»fc: 
[0067] (e) No. 2 5<0t><^±. *l6Bat1i^ 

[00681 (f) No. 2 6i0ti7){l, *^Bat^a^ 

\>^mmx 9 tiK , a.-omtimMxmm.v 

[00691 (g) No. 27. 28<^)<>«li. *^Wc 

Hi *) < ^roT v^&<^-c. ik^ft&i^'? 5 . 2 
XlO-'mm* /kg. 3. 1 X 1 Q-'mm* /k gk 

[0070] (h) No. 29<0t)<0l4. *f|BBco»*L 

iSTKi«-S^4/h$VW. Sagia<ij!)*7 0 0N/m 
50 («ear)*«*J(6H*Off*tV^KBBJ:0t/hS<=5:-5TV»S 



(12) #m^ll-12684 
21 22 

ttSm&iP2. OxiO-7mmi /kgi:^<«r ^ <^:o-CV^S<OT. SSKSJnj&^S 1 SN/mm^ tM 

[007 1] (i) No. 30<?5t>«Ott. [0078] (p) No. 3 7<0ti0«. ^^gBBcOffi L 

SS^'affljai&Stii-rSj&t. S^Wft6<*f8B8^MtL vvfli^J«4)'ffl«$^«£i-S*«. (^x^-f H-/<-9>f 

«ttfi6aF(wear)*<*ISB<O»*Uv^«BBJ:0fc/jN$< &. 

^roTV^I.<7)t\ Jt^a**2 . 0X1 0-''mm» /k [ 0 0 7 9 1 (q) N o . 3 8<7)t,o{i. *l6BB<0if * L 

[ 0 0 7 2 ] (j) N o . 3 1 <^)fcm. *|tBHB7?«^ h ) <0iiffl|5|ii)!>«*f«B"e«^&«gBJ: 0 fe/hS < . 1. 

0 N/mrn* J: '9ffi!WC®< . i«t«4Jia:J^tfil3{»>fc [ 0 0 8 0 1 (r) No. 3 9c0t><0ti. *l|B8cO»* t 

fiTL-CV^S. VMb^|£^J-a«^SI&t-&*«. 7x7>f 

[00 7 3] (k) No. 3 2C0tc0{4. ^^mCM^ v-C-^-f h<^l^BgtJj:tX (7i9-f h+^^-^-f 

S 5 ^' oifflja5rSf;£-rS)!p\ M n i: PiO^WSj!p'*5KB ) iOM$*f*^-C«^6KH^^a, fi-c^ 

<ye qtJj:t;mf64aio:*^UL*J*^BBO»^L ^mWfiS 1 3N/mm2f:^<=S:-5 

V^«H J: <=5r->TV^S<0T. SSK!aS*»»<Ji T*J 0. Jio8!lfi||41iiiX*«>fiTLi:v>&. 

oSiih.||4JIO:**«fi< , L*>ti8$ffitt^F (wear) - [ 0 0 8 1 ] (s) N o . 4 OcOt,<7)Ji, *l6BgcoiSF^ L 

ltagi*6«3 .2X1 O-'mm* /k g fc#<=Or^T*J J:tf^-«-9>f h<OTl%fiS*«*»B8"«i^4«HJ: 0 

[0 0 74] (1) No. 3 3<0t,<0»4. 4:5SBc7)»*L Lv^lffli 0 ^roTV^&OT. SWlflSHno:* 

J:t^>''«-9'f hff)^1^mifi*mtVm^&!mX O [0082l(t)No.41 OtcOJi. *5|i»cOif * L 

*.;*c5 < . fl.-:^S^n:^tf e q*J*IMB<DiHFi Li^ 30 »rWk^j£^mS-MI£f 7x5>f hcO^i^BS. 

«HJ:0t:^#<^r^TV^ScO-C. I9gaa)ij!»«8 2 0 N /'^-v-f h<0¥i^gtJj:l^ (7x7>f h+>''?-7-f 

/mini k5S<«r-5-C*J0. fi-5|Wi»4Jlo:*«)Cr h) <Oiiai**«*IMB-«i^*«ll*^^, B.-om 

[0 0 7 5] (■) No. 3 4<?3t«0|±, *5M80if i L iOifiLv^lSHiO <^roTV>S<?5-C. 

vwi:^j£^hffljss^si;i.^€.*<> 7x^'f h^y^tmrna *«8 1 6N/mm^ fc^<^:-pt:t>o. a^mii^ja 
i>±^ < . s.->mtLmMi.mmLULi/^^^cr,m [ o o 8 3 ] 
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* NOTICES * 

JPO and NCIPI are not responsible for cuiy 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It has the formability in cold forging which this invention could attain speeding 
up of spheroidizing annealing, and was excellent before surface hardening, such as carburization and 
carbonitriding, and about the case hardening steel for cold forging which can moreover demonstrate 
high abrasion resistance after surface hardening, like a gearing, a joint, bearing,^a'' shaft) and a cylinder, 
the case hardening steel for cold forging concerning this invention is manufactured through cold forging, 
and can be used for the machine structural steel worker components by which high abrasion resistance is 
needed after surface hardening. 
[0002] 

[Description of the Prior Art] After various kinds of above-mentioned machine structural steel worker 
components perform cold forging after the JIS steel SCr420 and SCM420 grade are used widely as a 
material and perform softening heat treatment like spheroidizing annealing to this, and they fabricate it 
in a predetermined configuration (machining performed as occasion demands), surface hardening, such 
as carburization processing, and carburization, nitriding treatment, is performed, and he is trying to 
secure target abrasion resistance. 

[0003] From a viewpoint of reducing the manufacturing cost in such a components production process, 
matters, such as reduction (namely, compaction of spheroidizing-annealing time amount) of the 
spheroidizing-annealing cost before ** cold forging, reduction of the deformation resistance of the steel 
materials aiming at the improvement of the mold life at the time of ** cold forging, and improvement in 
the deformability of ** steel materials, are demanded. 

[0004] Moreover, the actual condition is that implementation of the components which are in the 
inclination for load stress to increase, in connection with the trend of an engine high increase in power, 
or small and lightweight-izing of components, and could not fiiUy respond such a demand with the 
components used so far, but raised abrasion resistance fiirther is desired. 

[0005] Amelioration techniques various until now are proposed under such a situation. As a technique 
which aimed at speeding up of spheroidizing annealing first, the manufacture approach of a wire rod or 
steel materials of attaining speeding up of spheroidizing annealing is proposed by JP,60-9832,A by 
specifying a rolled bar affair appropriately. However, only by specifying a rolled bar affair, speeding up 
of spheroidizing annealing cannot fully be attained. 

[0006] On the other hand, the steel for carburization which controlled deformation resistance is 
indicated by JP,2-299241,A by specifying the carbon equivalent of steel, concerning reduction of the 
deformation resistance at the time of cold forging. Moreover, the case hardening steel which raised 
formability in cold forging is indicated by reducing Si, Mn, Cr, etc. by JP,7-3101 18,A. However, 
although it can be called an effective technique if it carries out from a viewpoint that specify a carbon 
equivalent or reducing a chemical entity secures good formability in cold forging, the abrasion 
resistance which is one of the properties important for the high intensity of components cannot be raised. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/1/05 



JP,11-012684,A PETAILED DESCRIPTION] 



Page 2 of 13 



[0007] Moreover, about wear-resistant improvement, the manufacture approach of the wear resisting 
steel which raised abrasion resistance by application of carburization cooling -> spheroidizing-annealing 
-> carburization hardening processing is indicated by JP,5-59428,A. However, in addition to a process 
becoming complicated and a manufacturing cost becoming high, by this approach, the formability in 
cold forging which is fundamental demand characteristics cannot be raised. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention is made paying attention to the above 
situations, and speeding up of spheroidizing annealing is attained, and reduction of a manufacturing cost 
is possible for the purpose, and it excels in formability in cold forging, and is going to offer the case 
hardening steel for cold forging which also raised abrasion resistance as occasion demands. 
[0009] 

[Means for Solving the Problem] The rate of area of a (ferrite + pearlite) is 75% or more, and, as for the 
case hardening steel for cold forging concerning this invention which was able to solve the above- 
mentioned technical problem, the mean particle diameter of a ferrite has a summary at 40 micrometers 
or less and the point that the mean particle diameter of a pearlite is 30 micrometers or less. 
[0010] The purpose of this invention is C as a concrete chemical entity presentation in the case 
hardening steel of this invention although adjusting the microstructure of case hardening steel as 
mentioned above is also attained. : 0.3% or less (0% is not included) 
Si: Less than [ 0.3% ] (0% is not included) 
Mn: Less than [ L5% ] (0% is not included) 
P : 0.02% or less (0% is included) 
S : 0.02% or less (0% is not included) 
aluminum: Less than [ 0.06% ] (0% is not included) 
N : 0.03% or less (0% is not included) 

It each contains and also is less than [ Cr:3% ] (0% is not included). 
Mo: Less than [ 1.5% ] (0% is not included) • 
V : 1 .5% or less (0% is not included) 

One or more sorts chosen from the group which becomes more are contained, and that whose 
remainders are Fe and an unescapable impurity is desirable. Moreover, it is effective in these steel 
materials to also make less than [ Ti:0.1% ] (for 0% not to be included) and/or less than [ Nb:0.1% ] (for 
0% not to be included) contain. 

[001 1] In order to attain the effectiveness of this invention more effectively, in what has each above- 
mentioned chemical entity presentation, formability in cold forging can be further raised by it being 
desirable that deformation resistance multiplier sigmaeq expressed as a function of an alloy element and 
the crack generating working ratio multiplier UL are what satisfies following the (1) type and (2) types, 
respectively, and satisfying such requirements. 

sigmaeq=C+0.5Si+0.2Mn+3.0P+0.3Cr+0.3Mo+0.1 V+O.lTi+O.lNb <1.0 - (1) 
UL=C+0.2Si+0.2Mn+0.2Cr+0.2Mo+2.0P+2.0S+0.1V+0.1Ti+0.1Nb<0.7 - (2) 

[0012] Moreover, in what has the above-mentioned chemical entity presentation, abrasion resistance can 
be raised by it being desirable that the wear-resistant multiplier F (wear) expressed as a function of an 
alloy element is what satisfies following the (3) type, and satisfying such requirements. 
F(wear) =SiH-0.2Cr^0.4Mo+V> 0.4 - (3) 

The need is accepted in the case hardening steel of this invention. As an element of further others Less 
than [ **Cu:1.0% ] (0% is not included), ** Less than [ nickel:2.5% ] (0% is not included), less than 
[ **calcium:0.01% ] (0% is not included) and/or less than [ Zr:0.08% ] (0% is not included), less than 
[ **Pb:0.3% ] (0% is not included), less than [ **B:0.005% ] (0% is not included) 
By making ** contain, the property as case hardening steel is fxirther improvable. 
[0013] 

[Embodiment of the Invention] this invention persons inquired from various include angles, in order to 
attain the above-mentioned purpose. Consequently, when adjusting appropriately the microstructure of 
the case hardening steel for cold forging as mentioned above, a header and this invention were 
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completed for the above-mentioned purpose being attained splendidly. The reason for having specified 
the microstructure as mentioned above in this invention first is explained. 

[0014] Although the deformation resistance at the time of cold forging needed to be reduced in order to 
demonstrate the formability in cold forging excellent in case hardening steel, by this invention, the rate 
of area of 40 micrometers or less and a (ferrite + pearlite) was specified for the mean particle diameter 
of the ferrite before sn heroidizing annea ling as 75% or more fi-om such a viewpoint. By satisfying such 
requirements, homogeneity can be made to distribute a cementite in a ferrite after spheroidizing 
annealing, by this, the deformation resistance at the time of cold forging can be reduced, and a mold life 
can be raised. The rate of area of the above (ferrite + pearlite) of considering as 80% or more preferably 
considering as 83% or more often and more preferably is good. In addition (ferrite + pearlite), the 
organization of an except is the single phase or such complex tissues of bainite or martensite. Moreover, 
the definition of ferrite particle size is as follows. 

Mean-particle-diameter [ of a ferrite ] = (major-axis + minor axis of the ferrite section)/2 [0015] In order 
to, attain shortening of spheroidizing-annealing time amount on the other hand, securing good 
formability in cold forging, it is necessary to set mean particle diameter of the pearlite before 
spheroidizing annealing to 30 micrometers or less. By setting mean particle diameter of a pearlite to 30 
micrometers or less, the carbon concentration in (2) pearlites which promotes distribution of a cementite 
by (1) ferrite / cementite interface is raised, the effectiveness of preventing generation of a playback 
pearlite by making the micronucleus of a cementite remain at the time of heat treatment is demonstrated, 
and it is thought that spheroidizing annealing is promoted by this. In addition, the mean particle 
diameter of a pearlite is the mean particle diameter of the pearlite section surrounded by the ferrite, and 
a measurement part is the cross section of rolled stock. Moreover, the definition of the mean particle 
diameter of a pearlite is as follows. 

Mean-particle-diameter [ of a pearlite ] = (major-axis + minor axis of the pearlite section)/2 [0016] The 
measuring method of the rate of area performs organization observation of five visual fields at random 
using an optical microscope (scale factor: about x400), and by the way (ferrite + pearlite) measures the 
rate of area of a (ferrite + pearlite) by image analysis. Moreover, the measuring method of the mean 
particle diameter of a ferrite or the mean particle diameter of a pearlite performs organization 
observation of five visual fields at random using an optical microscope (scale factor: about x400), 
measures the mean particle diameter of ten ferrites per one visual field, and the mean particle diameter 
of a pearlite, and makes them the measured value of the mean particle diameter of a ferrite, and the 
mean particle diameter of a pearlite by equalizing this fiuther, 

[0017] In addition, what is necessary is to make whenever [ before rolling / stoving temperature ] into 
1.100 degrees C or less, and to roll out by making rolling reduction 30% or more, and making rolling 
finishing temperature into 950 degrees C or less, and to set the cooling rate after rolling finishing to 
below 60 degrees C / sec, and just to make it operate, in order to adjust the microstructure of the case 
hardening steel for cold forging as mentioned above. Next, the desirable chemical entity presentation in 
the case hardening steel of this invention is explained. 
[0018] C:0.3% or less (0% is not included) 

Although C was an element usefiil when securing the core part hardness of components as a 
strengthening element, since it produced the fall of formability in cold forging, degradation of 
toughness, etc. when it was made to contain superfluously, it determined the upper limit as 0.3%. The 
upper limit with desirable C content is 0.25%, and is good to consider as 0.20% or less more preferably. 
Moreover, in order to demonstrate the above-mentioned effectiveness effectively, as for C, it is desirable 
to make it contain 0.05% or more. 
[0019] Si: Less than [ 0.3% ] (0% is not included) 

Si is an element useful as a deoxidizer at the time of an ingot, and acts effective also in raising the 
abrasion resistance of steel. However, since increase of the deformation resistance at the time of cold 
forging was caused when the content exceeded 0.3%, the upper limit was determined as 0.3%. Si content 
should be more preferably stopped to 0.10% or less 0.15% or less. Moreover, in order to demonstrate the 
above-mentioned effectiveness effectively, as for Si, it is desirable to make it contain 0.01% or more. 
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[0020] Mn: Less than [ 1.5% ] (0% is not included) 

Although Mn was an element useful as a deoxidizer at the time of an ingot, since it raised the 
deformation resistance at the time of cold forging when it exceeded 1.5%, it determined the upper limit 
as 1.5%. The upper limit with desirable Mn content is 1.2%. Moreover, in order to demonstrate the 
above-mentioned effectiveness effectively, as for Mn, it is desirable to make it contain 0.2% or more. 
[0021] P:0.02% or less (0% is included) 

Since P is an element in which the deformation resistance at the time of cold forging is raised, and the 
deformation resistance ability of steel is reduced, in order to secure good formability in cold forging, it 
should control to 0.02% or less. If formability in cold forging is carried out from a viewpoint of making 
it improve more, P should be stopped to 0.010% or less preferably [ considering as 0.015% or less ], and 
more preferably. 

[0022] S:0,02% or less (0% is not included) 

Although it is an element useful for S forming MnS and raising machinability, if it is made to contain 
exceeding 0.02%, the deformability at the time of cold forging will fall. Considering the viewpoint of 
improvement in formability in cold forging, S should be stopped to 0.010% or less preferably 
[ considering as 0.015% or less ], and more preferably. Moreover, in order to demonstrate the above- 
mentioned effectiveness effectively, as for S, it is desirable to make it contain 0.001% or more. 
[0023] aluminum: Less than [ 0.06% ] (0% is not included) 

Although it had aluminum and the operation which acts effectively as a deoxidation component at the 
time of an ingot, and combines with N in steel, generates AIN, and controls big and rough-ization of 
crystal grain, since the above-mentioned effectiveness was saturated when it exceeded 0.06%, the upper 
limit was determined as 0.06%. Moreover, in order to demonstrate the above-mentioned effectiveness 
effectively, as for aluminum, it is desirable to make it contain 0.005% or more. 
[0024] N:0.03% or less (0% is not included) 

N combined with aluminum in steel and generated the nitride (when adding V, Ti, and Nb, it combines 
also with these), and although the effectiveness which controls big and rough-ization of crystal grain 
was demonstrated, since this effectiveness reached saturation soon, the upper limit was determined as 
0.03%. N content should be more preferably stopped to 0.015% or less 0.02% or less. Moreover, in 
order to demonstrate the above-mentioned effectiveness effectively, as for N, it is desirable to make it 
contain 0.001% or more. 

[0025] Although it can say that Cr, Mo, and V are these effect elements, considering the viewpoint of 
raising abrasion resistance, it is as follows when each operation is explained in full detail. 
[0026] Cr: Less than [ 3% ] (0% is not included) 

Although Cr was an element effective in raising the abrasion resistance of steel, since it checked 
carburization nature in addition to reducing formability in cold forging when it exceeded 3%, it 
determined the upper limit as 3%. Cr content should be more preferably carried out to 2.0% or less 2.5% 
or less, considering the viewpoint of improvement in formability in cold forging. Moreover, in order to 
demonstrate the above-mentioned effectiveness effectively, as for Cr, it is desirable to make it contain 
0.2% or more. 

[0027] Mo: Less than [ 1 .5% ] (0% is not included) 

Although Mo was an element effective in raising the abrasion resistance of steel like Cr, since 
formability in cold forging was reduced when it exceeded 1.5%, it determined the upper limit as 1 or 
5%. Mo content should be more preferably carried out to 0.5% or less 1.0% or less, considering the 
viewpoint of improvement in formability in cold forging. Moreover, in order to demonstrate the above- 
mentioned effectiveness effectively, as for Mo, it is desirable to make it contain 0.01% or more. 
[0028] V:1.5% or less (0% is not included) 

Although V was an element very effective in raising the abrasion resistance of steel, since this 
effectiveness reached saturation soon, the upper limit was determined as 1.5%. V content should be 
more preferably carried out to 0.5% or less 1.0% or less, considering the viewpoint of improvement in 
formability in cold forging. In order to demonstrate the above-mentioned effectiveness effectively, as for 
V, it is desirable to make it contain 0.01% or more. 
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[0029] Although the desirable chemical entity in the case hardening steel of this invention is as above- 
mentioned and the remainders are iron and an unescapable impurity, it is possible by carrying out 
optimum dose content of the following elements as an element of further others as occasion demands to 
improve the property as case hardening steel much more. 

[0030] Ti: Less than [ 0.1% ] (0% is not included) and/or less than [ Nb:0.1% ] (0% is not included) 
Although Ti and Nb were elements effective in making crystal grain detailed and making mean particle 
diameter of a ferrite or a pearlite small, since machinability fell when all exceeded 0.1%, they 
determined the upper limit as 0.1%. Considering the viewpoint of improvement in formability in cold 
forging, these contents should be preferably carried out to 0.05% or less. Moreover, in order to 
demonstrate the above-mentioned effectiveness effectively, as for these elements, it is desirable to make 
it contain 0.001% or more. 
[0031] Cu: Less than [ 1% ] (0% is not included) 

Although Cu was an element effective in improving corrosion resistance, since this effectiveness 
reached saturation soon, the upper limit was determined as 1%. In order to demonstrate the above- 
mentioned effectiveness, as for Cu, it is desirable to make it contain 0.2% or more. However, if Cu is 
added independently, since hot-working nature will deteriorate, when adding Cu, it is desirable to carry 
out comparable addition of the nickel which has the operation which improves hot-working nature with 
the amount of Cu(s). 

[0032] nickel: Less than [ 2.5% ] (0% is not included) 

In order for nickel to make detailed the organization after carburization processing besides the above- 
mentioned operation, to act effective in improvement in toughness and to secure the stable core 
hardness, it was an effective element, but since the effectiveness was saturated with 2.5%, the upper 
limit was determined as 2.5%. The upper limit with desirable nickel content is 2.0%. In order to 
demonstrate the above-mentioned effectiveness effectively, as for nickel, it is desirable to make it 
contain 0.2% or more. 

[0033] calcium: Less than [ 0.01% ] (0% is not included) and/or less than [ Zr:0.08% ] (0% is not 
included) 

Although these elements are contributed to improvement in the forgeability between cooling by making 
MnS spheroidize and improving an anisotropy, the effectiveness will be saturated, if it exceeds from 
calcium and exceeds 0.08% by Zr 0.01%, respectively. These desirable upper limits are 0.06% in Zr 
0.008% from calcium. Moreover, in order to demonstrate the above-mentioned effectiveness effectively, 
it is desirable to make it contain 0.001% or more by Zr 0.0005% or more from calcium. 
[0034] Pb: Less than [ 0.3% ] (0% is not included) 

Although Pb was an element effective in improvement in machinability, since the effectiveness was 
saturated when it exceeded 0.3%, it determined the upper limit as 0.3%. The upper limit with desirable 
Pb content is 0.25%. Moreover, in order to demonstrate the above-mentioned effectiveness effectively, 
as for Pb, it is desirable to make it contain 0.01% or more. 
[0035] B:0.005% or less (0% is not included) 

Although B was an effective element on a hardening disposition, since the effectiveness was saturated 
when it exceeded 0.005%, it determined the upper limit as 0.005%. The upper limit with desirable B 
content is 0.0045%. Moreover, in order to demonstrate the above-mentioned effectiveness effectively, as 
for B, it is desirable to make it contain 0.0005% or more. 

[0036] By the way, this invention persons inquired also from another include angle, in order to raise 
further the formability in cold forging of spheroidizing-annealing material. Consequently, if a header 
and these satisfy following the (1) type and (2) types, respectively, that deformation resistance multiplier 
sigmaeq and the crack generating working ratio multiplier UL are expressed as a function of main alloy 
elements It is deformation resistance 700Ns/mm 2 While being able to hold down to the following, 
working ratio (it is called the following and "a crack being generating working ratio") until a crack 
occurs could be raised, and it traced that formability in cold forging could be further improved by these. 
Moreover, V, Ti, and Nb are understood that the effect to which formability in cold forging is reduced is 
comparatively small so that clearly from (following 1) and following (2) type. 
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sigmaeq=C+0.5Si+0.2Mn+3.0P+03Cr+0.3Mo+0.1V+0.1Ti+0.1Nb <1.0 - (1) 

UL=C+0.2Si+02Mn+0.2Cr+0.2Mo+2.0P+2.0S+0JV+0.1Ti+0.1Nb^ - (2) 

[0037] On the other hand, when inquired also from a viewpoint that this invention persons raise the 

abrasion resistance after surface treatment, the wear-resistant multiplier F as an index which shows 

abrasion resistance (wear) also traced that abrasion resistance could be raised, when a header and this 

wear-resistant multiplier F (wear) satisfied following the (3) type for what is expressed as a function of 

main alloy elements. Moreover, V is understood that the contribution to wear-resistant improvement is 

very large like Si so that clearly from following the (3) type. 

F(wear) =Si+0.2Cr+0.4Mo+V> 0.4 - (3) 

[0038] 

[Example] Next, although an example is given and the configuration and the operation effectiveness of 
this invention are explained more concretely, of course, this invention is possible also for adding and 
carrying out modification in the range which does not receive a limit according to the following example 
and may suit before and the after-mentioned meaning from the first, and each of they is contained in the 
technical range of this invention. 

[0039] The steel type of the chemical entity presentation shown in the example of reference 1 following 
table 1 was used, and the test piece for processing-time investigation spent on spheroidizing took after 
rolling out to phi35mm. At this time, as a piece of a comparative study, the same steel type as the 
chemical entity presentation shown in Table 1 was used, and the steel materials (No.7-12 of the after- 
mentioned table 3) which carried out solution treatment (1200 degree-CxlHr -> air cooling) of this after 
rolling out to phi35mm were used. 
[0040] 
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[0041] Spheroidizing shown in drawing 1 is performed to these test pieces, and it is JIS. G Heat 
treatment time amount fi'om which extent of a balling-up organization specified to 3539 is set to No.l 
No.3 was made into spheroidizing time amount (refer to the following table 2). 
[0042] 
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[0043] Although the processing time which balling-up takes is shown in the following table 3 with the 
microstructure of the steel materials before spheroidizing, compared with that (No.7-12) to which, as for 
a thing (No. 1-6) 30 micrometers or less, the mean particle diameter of a pearlite exceeds [ the mean 
particle diameter of a pearlite ] 30 micrometers, it turns out that spheroidizing time amount is short. 
[0044] 
[Table 3] 
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[0045] The steel type (G-I) of the chemical entity presentation shown in the example 1 following table 4 
was used, and after rolling out to phi35mm, after performing spheroidizing annealing shown in said 
drawing 1 , the test piece for crack generating working ratio investigation indicated to be a test piece for 
deformation resistance investigation of phi20mmx30mm to drawing 2 by machining was produced. The 
same steel type (G-I) as the chemical entity presentation shown in Table 4 at this time was used, and the 
various pieces of a comparative study were also produced by the approach of following the (1) - (3) 
about each (No.4-12 of the after-mentioned table 5). 

[0046] (1) phi35mm ~ rolling -> — spheroidizing annealing shown in drawing 1 was performed after 
normalizing processing (1200 degree-CxlHr -> air cooling), and the test piece for crack generating 
working ratio investigation indicated to be a test piece for deformation resistance investigation of 
phi20mmx30mm to drawing 2 by machining was produced (No.4-6 of the after-mentioned table 5). 

(2) phi35mm — rolling -> « spheroidizing annealing shown in drawing 1 was performed after 
normalizing processing (900 degree-CxlHr-> air blast cooling), and the test piece for crack generating 
working ratio investigation indicated to be a test piece for deformation resistance investigation of 
phi20mmx30mm to drawing 2 by machining was produced (No.7-9 of the after-mentioned table 5). 

(3) phi35mm - rolling -> - spheroidizing annealing shown in drawing 1 was performed after 
normalizing processing (1200 degree-CxlHr-> air blast cooling), and the test piece for crack generating 
working ratio investigation indicated to be a test piece for deformation resistance investigation of 
phi20mmx30mm to drawing 2 by machining was produced (No. 10- 12 of the after-mentioned table 5). 
[0047] 



fTab 


le 4] 




















c 


S i 


Mn 


P 


s 


A 1 


N 


Cr 


Mo 


v 


G 


0.22 


0.03 


1.21 


0.002 




0.007 


0.031 


0.012 


1.36 






H 


0.16 


0.06 


0.92 


0.005 




0.012 


0.027 


0.009 


0.25 


0.53 




I 


0.12 


0.11 


0.75 


0.003 




0.015 


0.027 


0.011 




0.35 


0.13 



[0048] The crack generating working ratio by deformation resistance and the cold press sex test was 
investigated using these test pieces. Moreover, the piece of the Ogoe abrasion test shown after 
spheroidizing at drawing 3 was produced, and an Ogoe style abrasion test was carried out after 
carburization hardening / tempering processing shown in drawing 4 . In addition, in carrying out this 
abrasion test, hardening / tempering material of bearing steel SUJ2 was used as partner material. 
Moreover, the test condition was made into dry type, breaking load:6.3kgf, fiiction distance:200mm, 
and friction-velocity:3 m/sec. The microstructure before spheroidizing annealing of a test piece is shown . 
in the following table 5 with spheroidizing conditions (spheroidizing temperature, spheroidizing time 
amount). Moreover, each above-mentioned test result is shown in the following table 6 with deformation 
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resistance multiplier sigmaeq, the crack generating working ratio multiplier UL, and the wear-resistant 



multiplier F (wear) which are desirable requirements. 
[0049] 

Tables] 



No. 




omm (%} 






ium) 




m 


mm 


ii 

-3 


G 
H 
I 


100 
100 
100 


- 


22 
25 
20 


2 1 
20 
2 1 


760 
760 
720 


1 3 
1 3 
8 


4 

5 
6 


G 
H 

I 


i 00 

1 00 
1 0 0 




48 
49 
46 


3 7 
33 

35 


760 
760 
720 


22 
22 
1 2 


7 
8 
9 


G 
H 
I 


65 
68 
72 


B + M 
B+M 
B 


2 1 
24 
22 


23 
26 
24 


760 
760 
720 


1 3 
1 3 
8 


10 
1 1 
1 2 


G 
H 
I 


5 7 
60 
62 


B+M 
B+M 
B+M 


46 
45 
48 


40 
37 
38 


760 
760 
72 0 


22 
22 
1 2 



0050] 

Table 6] 



No. 


m 


mm 


mm 


mm. 








b 








oeq 


Wm') 


mm 


llUL 


xm {%) 


F (wear) 




(mn^Ag) 


I 


G 


0. 


89 


665 


0. 


62 


6 0JiLh 


0. 


30 


3. 


5X1 O-' 


2 


H 


0. 


62 


42 8 


0. 


47 




0. 


32 


3. 


3x10"^ 


3 


I 


0. 


45 


370 


0. 


3 8 


6 0W± 


0. 


38 


2. 


0X10-^ 


4 


G 


0. 


8 9 


672 


0. 


62 


45 


0. 


30 


3. 


4X1 0-' 


5 


H 


0. 


62 


4 2 4 


0. 


47 


50 


0. 


32 


3. 


4X1 0-' 


6 


I 


0. 


45 


378 


0. 


38 


50 


0. 


38 


2. 


1X10-" 


7 


G 


0. 


89 


660 


0. 


62 


50 


0. 


30 


3. 


5X1 0-' 


8 


H 


0. 


62 


435 


6. 


47 


45 


0. 


3 2 


3. 


5X1 0-^ 


9 


I 


0- 


45 


3 75 


0. 


38 


50 


0. 


38 


2. 


1 X 1 0-' 


1 0 


G 


0. 


89 


672 


0. 


62 


45 


0. 


30 


3. 


4X1 0-" 


1 I 


H 


0. 


62 


443 


0. 


47 


45 


0. 


32 


3. 


3X1 0-' 


1 2 


I 


0. 


45 


379 


0. 


38 


45 


0. 


38 


2. 


OX 1 0-' 



[0051] the example with which it is satisfied of the microstructure (mean particle diameter and pearlite 
mean particle diameter of the rate of area of a ferrite + pearlite, and a ferrite) which specifies the thing of 
No. 1-3 by this invention so that clearly from these results - it is ~ any ~ being divided — generating 
working ratio - 60% or more - it is - moreover - a ratio ~ it tums out that it is not falling on a par 
[ abrasion loss ] with comparison steel, and greatly. 

[0052] On the other hand, the thing of No.4-6 is an example of a comparison with the mean particle 
diameter of a ferrite and the mean particle diameter of a pearlite larger although a chemical entity 
satisfies the desirable presentation of this invention than the range specified by this invention, and crack 
generating working ratio is falling. Moreover, the thing of No. 7-9 is an example of a comparison v^th 
the rate of area of a (ferrite + pearlite) smaller than the range specified by this invention although a 
chemical entity satisfies the desirable presentation of this invention, and crack generating working ratio 
is falling. Furthermore, it is an example of a comparison with and [ larger / the thing of No. 10- 12 / than 
the range which the mean particle diameter of a ferrite and the mean particle diameter of a pearlite 
specify by this invention although a chemical entity satisfies the desirable presentation of this 
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invention ] (ferrite + pearlite), and the rate of area smaller than the range specified by this invention, and 
crack generating working ratio is falling. 

[0053] The steel type of No. 1-20 of example 2 table 7 and a chemical entity presentation of Table 8 of 
No.21-32 was used, spheroidizing annealing shown in said drawing 1 was performed after rolling out to 
phi35mm, and the test piece for crack generating working ratio investigation indicated to be a test piece 
for deformation resistance investigation of phi20mmx30mm to drawing 2 R> 2 by machining was 
produced. The same steel type as the chemical entity presentation shown in No.21 of Table 8, and 25 
and 31 at this time was used, and various kinds of test pieces were also produced by the approach of 
following the (1) - (3), respectively (No. 33-41 of the after-mentioned table 10). 
[0054] (1) phi35mm ~ rolling -> — spheroidizing annealing shown in drawing 1 was performed after 
normalizing processing (1200 degree-CxlHr •> air cooling), and the test piece for crack generating 
working ratio investigation indicated to be a test piece for deformation resistance investigation of 
phi20nimx30mm to drawing 2 by machining was produced (No.33-35 of the after-mentioned table 10). 

(2) phi35mm ~ rolling -> — spheroidizing annealing shown in drawing 1 was performed after 
normalizing processing (900 degree-CxlHr-> air blast cooling), and the test piece for crack generating 
working ratio investigation indicated to be a test piece for deformation resistance investigation of 
phi20mmx30mm to drawing 2 by machining was produced (No.36-38 of the after-mentioned table 10). 

(3) phi35mm ~ rolling -> — spheroidizing annealing shown in drawing 1 was performed after 
normalizing processing (1200 degree-CxlHr-> air blast cooling), and the test piece for crack generating 
working ratio investigation indicated to be a test piece for deformation resistance investigation of 
phi20mmx30mm to drawing 2 by machining was produced (No.39-41 of the after-mentioned table 10). 
:0055] 



No. 












mi 








G 


Si 


Mn 


P 


s 


Al 


N 


Cr 


Mo 


V 




1 


0.17 


0.23 


0.92 


0.012 


0.018 


0.032 


0.008 


1.45 








2 


0.25 


0.28 


1.15 


0.005 


0.013 


0.022 


0.011 




0.63 






3 


0. 19 


0.17 


0.87 


0.008 


0.009 


0.035 


0.009 






0.47 




4 


0.15 


0.25 


0.74 


0.005 


0.003 


0.028 


0.012 


1.03 


0.21 






5 


0.12 


0. 05 


0. 78 


0.008 


0. 005 


0.038 


0,017 


1.12 




0. 35 




6 


0.14 


0.03 


0.85 


0.009 


0. 009 


0.021 


0.007 




0. 37 


0.58 




7 


0.12 


0.02 


0. 50 


0.005 


0.006 


0.024 


0.011 


2.05 


0. 18 


0.25 




8 


0.D8 


0. 06 


1.43 


0.011 


0.014 


0. 030 


0.012 






0.42 


Ti:0. 040 


9 


0.11 


0. 10 


0.77 


0.010 


0.003 


0.029 


0.010 


0.53 


0. 89 




Nb:0.022 


1 0 


0.14 


0.07 


0.75 


0.007 


0. 006 


0.022 


0.013 


1.01 




0.32 


Ti: 0,021 


i 1 


0.15 


0, 13 


0.69 


0.012 


0.010 


0.036 


0.008 


0.88 




0.41 


Nb:0. 035 


1 2 


0. 14 


0.03 


0, 65 


0.008 


0,005 


0.030 


0.015 


0.51 




0. 35 


Ti:0.032,Nb:0.020 


1 3 


0.05 


0,21 


0.52 


0.003 


0.002 


0.027 


0, 010 


0.92 


0.48 




Ti:0. 029 


1 4 


0.15 


0.09 


0.80 


0.010 


0. 007 


0. 029 


0.009 


1.05 


0.46 




Nb:0. 033 


1 5 


0.12 


0.05 


0.44 


0.008 


0.002 


0. 033 


0.009 




0. 51 


0.46 


Ti: 0.014. Ni:0.54 


1 6 


0.13 


0.08 


0.56 


0.003 


0.004 


0. 030 


0,010 


1.86 


0.15 


0.20 


Cu:G.32,Ni:0.28, Ca:0.003 


1 7 


0.10 


0.12 


0.71 


0.007 


0.005 


0.024 


0.018 


1.16 




0.35 


Nb:0.030 Zr:0,021 


1 8 


0.05 


0.10 


0.82 


o:oo5 


0.008 


0. 025 


0.011 


0.94 


0.22 


0.21 


Pb:0.080 


1 9 


0.16 


0.11 


0.80 


0.009 


0.003 


0. 032 


0.013 


1.15 




0.28 


B: 0.0020 


20 


0.12 


0.08 


0.70 


0.002 


0.002 


0. 026 


0.002 


0. 97 


■ 0.10 


0.30 


Ti:0, 020, B:0. 0015 



[0056] 
[Table 8] 
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No. 












(9tm%) 






C 


S i 


Mn 


P 


c 
o 


A 1 


M 






V 




2 1 


0.23 


0.28 


0. 75 


0.018 


0.012 


0.030 


0.012 


1.75 


- 






2 2 


0.35 


0.24 


0. 57 


0.004 


0.005 


0.028 


0.006 


1.21 


0.35 






23 


0.29 


0.27 


1.Q5 


0.019 


0:017 


0.025 


o.on 


1.58 


- 






2 4 


0.28 


0.26 


1.66 


D.016 


0.015 


0.031 


0.008 


- 


1.14 






2 5 


0.26 


0.06 


1.43 


0.008 


0.013 


0.034 


0.009 


0.85 




0.32 


Nb: 0.005 


2 6 


0.19 


0.02 


1.48 


0.C02 


0. 039 


0.027 


0.014 


1. Uu 


U. 43 






2 7 


0.15 


G.05 


0.78 


0.010 


0.016 


0.021 


0.011 


1.01 




- 


- 


28 


0.20 


0.12 


0.54 


0.008 


0.012 


0.036 


0.007 




0.56 






29 


0.29 


O.Gl 


0.65 


0.019 


0.002 


0.030 


0.010 


1.83 








30 


0.15 


0.08 


1.39 


0.001 


0.057 


0.028 


0.012 


1.54 








3 1 


0.29 


0.03 


1.45 


O.Olfi 


0.019 


0.032 


0.018 


1.52 








32 


0.15 


0.13 


2.22 


0.038 


0.015 


0.018 


0.011 


0.67 


0.23 







[0057] The crack generating working ratio by deformation resistance and the cold press sex test was 
investigated using these test pieces. Moreover, the piece of the Ogoe abrasion test shown after 
spheroidizing at drawing 3 was created, and an Ogoe style abrasion test was carried out like the example 
1 after carburization hardening / tempering processing shown in drawing 4 (A) and (B). The 
microstructure before spheroidizing annealing of a test piece is shown in the following tables 9 and 10 
with spheroidizing conditions (spheroidizing temperature, spheroidizing time amount). Moreover, each 
above-mentioned test result is shown in the following tables 1 1 and 12 with deformation resistance 
multiplier sigmaeq, the crack generating working ratio multiplier UL, and the wear-resistant multiplier F 
(wear) which are desirable requirements. 
'0058] 

Table 91 



No. 


omm {%) 




mm (urn) 




WW 


mm 


1 


1 00 




24 


2 1 


760 


1 0 


2 


100 




23 


23 


760 


13 


3 


100 




20 


1 6 


720 


8 


4 


100 




2 1 


2 5 


760 


1 3 


5 


100 




18 


1 7 


760 


1 0 


6 


1 00 




22 


1 5 


720 


8 


7 


90 


B 


23 


1 5 


760 


1 3 


8 


100 




1 1 


1 2 


720 


6 


9 


85 


B + M 


1 3 


1 2 


760 


1 3 


1 0 


100 




1 2 


1 1 


760 


1 0 


1 1 


100 




13 


1 2 


760 


1 0 


1 2 


100 




1 0 


9 


760 


1 0 


1 3 


100 




1 3 


1 0 


760 


1 0 


1 4 


1 00 




1 2 


1 3 


760 


1 3 


1 5 


90 


B 


14 


2 1 


720 


8 


1 6 


85 


B + M 


2 1 


20 


760 


1 3 




100 




1 3 


1 2 


76 0 


1 3 




1 00 




26 


1 6 


760 


1 0 


20 


1 00 




24 


1 9 


760 


1 3 


1 00 




1 3 


1 1 


760 


1 0 



[0059] 
[Table 10] 
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Ho 


























Shth?) 


O 1 


i U U 




2 1 


1 8 


r7 r\ 

7 6 0 


1 3 


o o 
Z Z 


1 A A 

1 u u 




O A 

Z 4 


2 1 


7 6 0 


1 3 


o o 


1 U U 




Z 3 


2 3 


rj ry r\ 

7 6 0 


1 3 


Z 4 


y u 


M 


0 


1 o 

1 o 


7 6 0 


1 3 


2 5 


10 0 




1 A 

1 4 


1 9 


7 2 0 


8 


26 


100 





19 


22 


760 


1 3 




100 


— 


26 


23 


760 


1 3 




10 0 




2 5 


2 0 


7 6 0 


1 3 




10 0 




2 2 


1 o 

1 8 


ry f\ 

7 6 0 


1 3 


oD 


10 0 




1 8 


2 0 


7 6 0 


1 3 


3 1 


1 0 0 




1 7 


1 9 


7 6 0 


1 3 


3 2 


8 5 


Ml 


2 3 


2 3 


7 6 0 


1 3 


3 3 


10 0 




4 5 


3 6 


7 6 0 


1 3 


3 4 


10 0 




48 


4 1 


7 2 0 


1 2 


35 


100 


— 


46 


35 


720 


2 2 


36 


65 


B+M 


20 


. 20 


760 


1 0 


37 


55 


B+M 


2 1 


2 1 


720 


8 


38 


70 


B+M 


18 


1 6 


760 


1 3 


39 


58 


B + M 


43 


3 5 


760 


1 3 


40 


50 


B + M 


49 


4 1 


72 0 


1 2 


4 1 


60 


B+M 


44 


39 


760 


22 



0060] 



Table 11] 



No. 
















o e q 


Wm') 






SCF (wear) 




(im*Ag) 


1 


0. 


94 


690 


0. 


6 1 


6 0Ja± 


0. 


52 


8. 


2 X 1 O" 


2 


0. 


82 


6 06 


0. 


64 


eoiiLh 


0. 


53 


8. 


3x10-" 


3 


0. 


52 


4 1 3 


0. 


48 


6 0RJ: 


0. 


64 


7. 


0X10-" 


4 


0. 


8 1 


582 


0. 


49 


eojiih 


0. 


54 


8. 


5x 1 0-» 


5 


0. 


70 


522 


0. 


46 


eoj^Xh 


0. 


62 


7. 


1 X 1 0-» 


6 


0. 


52 


393 


0. 


45 


eojiLh 


0. 


76 


3. 


9X10-' 


7 


0. 


94 


68 1 


0. 


49 


SOJiLh 


0. 


75 


3. 


7X10-' 


8 


0. 


48 


40 1 


0.. 


47 


6 0ji(± 


0. 


48 


8. 


OX 1 0-' 


9 


0. 


77 


566 


0. 


45 


eooh 


0. 


5 6 


7. 


5x10" 


10 


0. 


68 


504 


0. 


47 


eoRh 


0. 


59 


7. 


OX 1 o-» 


1 1 


0. 


70 


5 1 3 


0. 


49 


eojiUh 


0. 


72 


3. 


5X1 0-" 


1 2 


0. 


50 


394 


0. 


39 


6 0R1: 


0. 


48 


8. 


ox 1 0-" 


I 3 


0. 


69 


508 


0. 


3 5 


6 0tU: 


0. 


59 


6. 


6 X 1 


1 4 


0. 


84 


6 1 8 


0. 


52 


6 0UU: 


0. 


48 


8. 


1 X 1 0-" 


1 5 


0. 


46 


369 


0. 


34 


eouLh 


0. 


7 1 


3, 


7x 1 0-« 


1 6 


0. 


9 1 


672 


0. 


49 


6 0JiLh 


0. 


7 1 


3. 


6X 1 0-» 


1 7 


0. 


7 1 


52 1 


0. 


44 


eoiiLh 


0. 


70 


3. 


2 X 1 O"* 


1 8 


0. 


65 


476 


0. 


40 


6 0ULh 


0. 


59 


7. 


4X 1 0-' 


1 9 


0. 


78 


567 


0. 


5 1 


6 01iLh 


0. 


62 


6. 


3X10-" 


20 


0. 


66 


488 


0. 


42 


6 0JiLh 


0. 


61 


6. 


5X 1 0-» 



[0061] 
[Table 12] 
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No. 


wm 


mm 














oeq 


(N/ttB' ) 




1$ (X) 


SF (wear) 




(ob'Ak) 


2 1 


1 . 


1 0 


7 1 0 


0. 


67 


6 OliLh 


0. 


63 


6. 


4x 1 


2 2 


1 . 


06 


705 


0. 


69 


6 01iU- 


0. 


62 


3. 


5x 1 0-» 


2 3 


1 . 


1 7 


7 2 0 


0. 


78 


5 8 


0. 


59 


7. 


5x 1 0-» 


24 


i. 


1 3 


7 12 


0. 


84 


5 8 


0. 


72 


3. 


6x 1 


2 5 


0. 


89 


669 


0. 


73 


5 8 


0. 


55 


8. 


OX 10-" 


26 


n 

\j * 


Q ^ 


6 9 5 


A 
\J . 


T 9 




KJ . 






>l V 1 A 


2 7 


n 

KJ . 


O D 


480 




A 7 


6 0JiU: 




9 ^ 


5. 


2x10"'' 


28 


0 




434 




A Q 


6 0RJ: 


A 

u . 


«j *f 


3. 


1 X 1 0^' 


2 9 


I ^ 




7 0 2 




o y 


6 0JiLl: 


A 
\J . 


^ ft 


2. 


0x10"^ 


3 0 






688 




7 1 


58 


A 
U • 


^ Q 


1. 


9X10'^ 


3 1 


1 

1 t 


1 1 
± ± 


7 12 


n 


A 1 


58 


A 
U ■ 


o o 


3. 


2x10"' 


3 2 


1 

1. > 


0 4 


703 


KJ . 




58 


A 
U • 


3 O 


2. 


5X10'^ 


3 3 


I. 


1 0 


820 


0. 


67 


50 


0. 


63 


8. 


2X10-* 


3 4 


0 . 


8 y 


6 5 5 


0. 


7 3 


3 5 


0. 


5 5 


8. 


3X10-" 


3 5 


1 . 


1 1 


8 2 2 


0. 


8 1 




0. 


3 3 


7 


n X 1 n 


36 


1. 


1 0 


8 1 5 


0, 


67 


50 


0. 


63 


8. 


2x 1 


37 


0. 


89 


652 


0. 


73 


33 


0. 


55 


8. 


3x 1 0-* 


38 


1. 


1 1 


8 1 9 


0. 


8 1 


30 


0. 


33 


7. 


0X10"* 


39 


1 . 


1 0 


8 13 


0. 


6 7 


45 


* 0, 


63 


8. 


2x 1 0-« 


40 




89 


660 


0. 


73 


35 


0. 


55 


8. 


3X10-^ 


4 1 


1. 


1 1 


816 


0. 


8 1 


33 


0. 


33 


7. 


OX 1 0-« 



[0062] the microstructure (the rate of area of a ferrite + pearlite which specifies the thing of No. 1-20 
of Table 7 by this invention so that clearly from these resuhs The mean particle diameter of a ferrite and 
the mean particle diameter of a pearlite, deformation resistance multiplier sigmaeq desirable in a list that 
are requirements, Deformation resistance [ in / the crack generating working ratio UL and the wear- 
resistant multiplier F (wear) are satisfied, and / 80% of working ratio ] is 2 700Ns/mm. It is low, and the 
crack generating working ratio UL is 60% or more, and it turns out that it has the outstanding 
formability in cold forging, moreover, a ratio ~ there is also very little abrasion loss as under 1.0x10- 
7mm2 / kg, and it tums out that it has the outstanding abrasion resistance. On the other hand, the thing 
of No. 2 1-41 lacks either of the requirements (or desirable requirements for a tiling) specified by this 
invention, and one of properties is inferior in it at least as follows. 

[0063] (a) the microstructure which specifies the thing of No.21 by this invention — although 
deformation resistance multiplier sigmaeq is larger than the range specified by this invention although 
the desirable chemical entity presentation to call is satisfied, and the effect to a mold-life fall is small ~ 
deformation resistance ~ 700N/mm2 It is high slightly. 

[0064] (b) Although there are many C contents and they are larger than the range which also specifies 
deformation resistance multiplier sigmaeq by this invention rather than the desirable chemical entity 
presentation of this invention, although the thing of No.22 satisfies the microstructure which specifies 
by this invention, and the effect to a mold-life fall is small, deformation resistance is 2 700Ns/mm. It is 
high slightly. 

[0065] (c) the microstructure which specifies the thing of No.23 by this invention — although the effect 
to a mold-life fall is small since deformation resistance multiplier sigmaeq and the crack generating 
working ratio multiplier UL are larger than the desirable range of this invention, although the desirable 
chemical entity presentation to call is satisfied - deformation resistance 700N/mm2 It is slightly high 
and crack generating working ratio is also falling slightly. 

[0066] (d) Although effect of as opposed to [ altiiough the microstructure which specifies the thing of 
No.24 by this invention is satisfied, since it is larger than the range where more / and / deformation . 
resistance multiplier sigmaeq and crack generating working ratio multipliers UL than the chemical entity 
presentation with Mn content desirable / of this invention / are / of this invention / desirable ] a mold-life 
fall is small, deformation resistance is more slightly [ 700Ns/mm / than 2 ] high, and crack generating 
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working ratio is also falling slightly. 

[0067] (e) the microstructure which specifies the thing of No.25 by this invention - although the 
desirable chemical entity presentation to call is satisfied, since the crack generating working ratio 
muhiplier UL is larger than the desirable range of this invention, crack generating working ratio is 
falling slightly. 

[0068] (f) Although the thing of No.26 satisfies the microstructure which specifies by this invention, 
since the crack generating working ratio multiplier UL is also larger than the range where and this 
invention is desirable than the chemical entity presentation with S content desirable [ this invention ], 
crack generating working ratio is falling slightly. 

[0069] (g) No. - the microstructure which specifies the thing of 27 and 28 by this invention - although 
tiie desirable chemical entity presentation to call is satisfied, since the wear-resistant multiplier F (wear) 
is smaller than the desirable range of this invention - a ratio - abrasion loss has increased with 5.2x10- 
7nim2 / kg, and 3.1xl0-7mm2 / kg, respectively, and abrasion resistance is falling. 
[0070] (h) Although the thing of No.29 satisfies the desirable chemical entity presentation of this 
invention Deformation resistance multiplier sigmaeq is larger than the range specified by this invention. 
For the effect to a mold-life fall, although it is small, deformation resistance is 2 700Ns/mm. Since it is 
high slightly and the wear-resistant multiplier F (wear) is moreover smaller than the desirable range of 
this invention a ratio - abrasion loss has increased with 2.0x1 0-7mm2 / kg, and abrasion resistance is 
falling. 

[0071] (i) Although the thing of No.30 satisfies the microstructure which specifies by this invention 
Since S content is larger than more [ and ] range of this invention where the crack generating working 
ratio muhiplier UL is also desirable than the desirable chemical entity presentation of this invention 
since crack generating working ratio is falling slightly and the wear-resistant multiplier F (wear) is 
moreover smaller than the desirable range of this invention - a ratio - abrasion loss has increased with 
2.0x1 0-7mm2 / kg, and abrasion resistance is falling. 

[0072] (j) the microstructure which specifies the thing of No.31 by this invention ~ although the effect 
to a mold-life fall is small since deformation resistance multiplier sigmaeq and the crack generating 
working ratio multiplier UL are larger than the desirable range of this invention, although the desirable 
chemical entity presentation to call is satisfied - deformation resistance - 700N/mm2 It is slightly high 
and crack generating working ratio is also falling slightly. 

[0073] (k) Although the thing of No.32 satisfies the microstructure which specifies by this invention 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/1/05 



